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EMBOLIC DEVICE MADE OF NANOFIBERS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The field of the invention pertains to implantable de vic^js, and, more 
5 p art! cti i arly, vaso«occlusi ve d ev lercs for the occ lusion o f bod y lumens md 
cavities. 

Background of the Invention 

In many clinical situations, blood vessels are occluded for a variety of 
purposes, such as to control bleeding, to preveiii blood supply to tumors, and to 

10 block blood flow within an aneurysm, arteriovenous malfomiation, or 
arteriovenous fistula. 

Embolization of blood vessels is particularly useful in treating ancurj-sms. 
Ajoeurysnis are abnormal blood filled dilations of a blood vessel wall, which may 
rupture causing sigtiificant bleeding. For the cases of intracranial aneutysnis, the 

1 5 signi ficant bleeding may lead to damage to surrounding brain tissue or death, 
intracranial aneurysms may be difficult to tr<jat when they arc fom>cd in remote 
cerebral blood vessels^ which arc very difficult to access. If left untreated, 
hemodynamic forces of rtormal pulsatile blood flow Ciui rupture fragile tissue in 
the area of ttic aneurysm causing a stroke. 

20 Vasoocchisive devices have been used in the trcatmenl of aneurysms. 

Vas5o-occiusiv43 devices are surgical implants placed within blood vessels or 
vascular cavities, t>'pically by using a catheter to form a thrombus and occlude 
the site. For instance, a stroke or other such vascular accident may be treated by 

-1- 
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placing Si vaso-occlusive device proxinKil of the site u> block the flow of blood to 
the Site and alleviate tiie leakage. An aneurysm may similarly be irealed by 
inirotUiging si vinso-occlusive devictJ through the neck of ilm aneur>'snL The 
thrombagcnic properiies of the vaso-occlusive device cause a mass to fonn jn the 
5 aneurysm and alleviate the potential for growth of the aneurj'sni and its 

subsequent rupture. Other discascSj such as tumors, may often be treated by 
occluding the blood flow to the tumor, 

Tliereare a variety of vaso-occtusivc devices suitiible for forming ihrombi. 
One such device is found in U.S, Patcin No. 4,994,069, lo Ritchatt et al.. Thai 

1 0 patent describeis a vaso-occlosive coil thai ^tssumcs a linear helical condguration 
when stretched and a folded convoluted configuration when relaxed. Ilic coil 
has a stretched configuration when placed tn a catheter, which is used in 
placement of the coi! at the desired site, and assurTies die convoluted 
configuration when the coil is ejected from the catheter and the coil relaxes. 

15 Ritchatt et al, describes a variety of shapes, including '^flower" shapes and double 
vortices. A random shape is described as well. 

U.S. Patent No, 6,2S0.457B 1 to Wallace ct al, describes an occlusive 
device including an inner core wire covered with a polwier. The polymeric 
materia! Inchides protein based polymers, absorbable polymers, non-protein 

20 based polymers, and coti^binattat)S thereof. The pol>tTier facilitates forming of 
emboli to occlude a body cavity. 

Vaso*occktsivc coils having complex, three-dimensional strucinrcs in a 
relaxed configuration are described in U.S. Pssient No. 6,322,576BI to Wallace 



wo nmmiMis vcrammmKn^HS 
et aL llie coils may be tleployed in the approx imate shape of a sphere, an ovoid» 
a clover, a box-like stnicuire or other distorted spherical shape. Hie patent also 
describes methods of winding the anatomically shaped vaso-occlusive device into 
appropriately shaped forms and annealing them to form various devices. 

5 VasO'OCclusivc colls having little or no inherent secondary' shape have 

also bam described. For instance, U.S. Patent Nos. 5,690,666 and 5,S26,5S7 
both by Bcrenstem et al. describe eoils having little or no shape after introduction 
into the vascular space. 

There arc a variety of ways of discharging shaped coils and linear coils 

10 into a body cavity. In addition to those patents that describe pliysically pushing a 
coil out of the catheter inio the body cavity {e.g., Ritchart et al.), there are a 
number of other ways to release the coil at a specifically chosen time luid site. 
U.S. Patent No. 5,354^295 and its parent, 5,122,136, botJi to Guglielmi et ah, 
describe an electrolytically detachable embolic device, 

15 A variety of mechanically detachable devices are also kiiown. Various 

examples of these devices are described in VS. Patent No. 5,234,437, to Sepetka, 
U.S. Patent No. 5,250,071 to Palermo, U.S. Patent No. 5,261,916, to Engclson, 
U.S. Patent No. 5,304,195, to Tv\'yford et ah, U.S. Patent No. 5,312,415, to 
Palermo, and U S. Patent No. 5,350,397, to Palermo et al. 

20 When the above-tnc nii on ed vaso*occl usi vc d e vi ces ar c pi ac ed with in arj 

aneurysm, they tend to induce the formation of fibrin network (clot or thrombus), 
which serves as a temporary scaffold. Tiih scaffold provides a high-surface- area 
substrate on which the cells responsible for wound healing (such as fibroblasts) 



wo 2lM»4/iM?435 PC l>'l.!Si2(KM/tKlJ5«S 

migrate and proMferaic as iliey depasii collagen to replace ihe clot whh iimre 
stable: collagaious fibrous tissue. However, the enzyiiies present in the blood 
couid break down the fibrin ciol too quickly in relation to tiic raif of collagen 
deposition, thus Inmimg the niovemcjit nud growth of the wownd-Jicaling cells, 
5 As a result, the throt^bus formed within the aneurysm may develop voids and/or 
may not have the sufficient si^e to completely occlude the aneurystn. 



SUMMARY OF THE INVENTION 
Hic present mvcmion is directed to vaso-occiusive devices that may be 

10 deployed within the vasculature of a patient to occludi^ the How of blood therein, 
nie vaso-occlusive devices, may be deployed to generate emboli in aneurysms 
located within the vasculatures of humans, but may aim be used at any site in a 
Ituman or animid that requires OGcluisiori, 

In aecordance with one aspect of the present invent loti, a vaso-occlusivc 

I S device Includes a core member and a fibrous structure coupled to the core 
member. The fibrous structure, which may be ftvbricaled, for example, by an 
ekctrospinning process, may include strands of non-woven fibers having 
natiomcter-scak dianieters, 'Oie architecture of the fibrous sinicture nmy provide 
a high level of surtace area to which cells may attach, and may provide a stable 

20 scaffold for filling an aneurysm. Tlie core member may provide a grid onto 
which the fibrous structure may be disposed. Depending on the material from 
which the core member is made, the core member may also enhance the rigidity 
of the vaso- occlusive device. The vaso-occlusivc device may be carried to the 

'4^ 
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target site using a cailicier and released therefrom using any one of a variety of 
detachable means, such as an elHectrolytic joint or a meebanical joint. 

The vaso-occltisive device may have a relaxed configuratian that may 
assume a variety of shapes. For esattiiplt% the vaso-occlusive device may have a 

5 siibstantiaHy linear or curvilinear (slightly curved, i.e. having less thaii 360'" 
spiral) relaxed configuration. Alternatively, the vaso-oceUisive device may 
s.issume a secondary relaxed shape formed by wrapping a core member having a 
primari^ shape that is substantially linear around a shaping elemcnl. Tlie 
secondary shape may be a helical coil or other shapes. As a further alternative, 

10 the vaso -occlusive de\nce may also assume a tertiary relaxed shape formed by 
wrapping a core member having a secondary' shape around a shaping elemci:it, 
Tlie tertiary shape may be, for example, in a shape of a clover leaf, a twisted 
ftgure*8, a flower, a sphere, ft vortex, an ovoid* or random shapes. 

Other aspects and features of the invention will be evident from reading 

1 5 the fo 1 1 ovv in g de tai 1 cd d esc ri pt i on of the prcfenred embod i mcnts , wh i ch tire 
intended lo illustrate, not limits the invention. 

BRIEF DESCmPTlON OF THE DRAWiNGS 
Tlie drawings iOustrate the design and utility of preferred embodiments of 
20 the present invention, i:n which similar elements are referred to by common 
reference numerals, and in which: 
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FIG. 1 is a side view of a first preferred embodiment of a vaso-occlusivc 
device in »?ccordattce wisli the present invention, ineluding a fibrous smicturc 
disposed around a core member; 

FIG, I A is a deiail of one end of tiic de vice of FIG, I ; 
5 FIG. 2 diagn«m an electrospinning apparatus; 

FIGS. 3t-S are side views of variations of a viijso-occ lusivt? device in 
accordance wiih the preserrt invention; 

FIGS. 9 and 10 show e.xamples of a vaso'occlusive device having a 
secondary shape; 

ID FIGS. J 1-17 show examples of a vasg-occlusive device having a tertiary 

shapsa; 

FIG. IS is a side view of a vaso'occlusivc dcvsee being delivered within a 
body cavity using a deiivery catheter; 

FIG. 19 is a cross-secdonal side view of a vaso-oeciusivc device being 
1 5 delivered using a delivery- catheter, showing the vaso-occlusivc device having a 
stretched conOguratJon when resided %vithin the delivery catlictcr^ and assuming a 
se€ondar>' shape when unrcsimincd outside the dclivco' catheter; 

FIG. 20 is a cross -sectional side view of a vaso*oeclusivc device being 
delivered using a delivery catheler, showing the vaso-occlusive device 
20 maintaining a secondary shape inside the delivery catheter; 

FIG. 21 is a cross* sectional side view of a vaso -occlusive device bcirtii; 
delivered using a delivery catheter^ showing the vasQ'OCclusive device changing 
from a secondary' shape to a tertiarj- shape as it exits from the delivery catheter; 



FIG. 22 is a side view of a portion of a <lelj vcry cathettir Irom which a 
viisa-occlusivif device is deployed and meclianically released; and 

FIG, 23 is a side view of a portion of a delivery c^ilheier from wliicb a 
vaso-occlusive device is deployed and ekctroJytically released. 

5 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
Tuniltig to die drawings, FIGS, 1 and 3-S show various embotJiments of a 
vaso-occlnsivc device 10, in accordance with the present invention. Generally, 
the vaso-occlusi\*e device 10 includes a core raeniber 12 and a fibrous structure 

10 !4 carried by the core member 12, Hie core member 12 may provide a grid to 
which Che fibrous structure 14 txmy be attached, Dcpejiding upon the material 
from which the core member 1 2 is madc^ ihe core member 12 may also provide a 
desired rigidity for the vaso-occlusivc device 10, Ttve fibrous structure 14, which 
includes one or more nano-scale fibers (nanonbers), may provide or cnlianee 

IS thrombogenic properties of the vaso-occlusive device 10. The term, "nario-scaie 
fiber"' or "nanofibers*" refers to fiber that has a diameter or cross-sectional 
dimension in the range from about 50 to 10000 nm. 'Hie fibrous structure 14 
would be discussed in further detail below. As shown in FIG, 1^ the vaso- 
occhisive device 10 has an overall diameter or cross-sectioH 16, which is 
0 preferably in the range of 0.01 inch to 0.015 inch. However, the vaso-occlusive 
device 10 may have other diameters as well. The vaso-occlusive device 10 may 
optionsilly mchide an end cap IS, as shown in FIG. lA. 



'Ott' core member 12 preferably has a circular cross-seciionfil shape. 
Altemafjvely, llie core member 12 ma^' have a rectangular, triajigular, or other 
geonietrk cross- section, in a further alternative, the core member 12 may have 
an irregular shaped cross-scclion. Ilic core member 12 is preferably nmde of a 
5 biodegradable material. Biodegradable or absorbable materials suitable for the 
core member 12 may include, but are not limited to, synthetic polymers, 
polysaccharides, and proteins. Suitable polymers may include, for example, 
polyglyeolic acid, polylaciic acid, polycaprolactone, polyhydroxybulyrate, 
poly by droxy valcrat e , po 3yd i ox nno nc. pol y carbonates > polyanliy d rides , 

10 polyhydroxyalkanoates, polyarv'latcs, polysaccharides, polyamino acids, and 
copolymers thereof 

In addition or alternatively, proteins may be used, such as collageFi, 
elastin. fibrin, fibrinogen, flbronceiin, vitronccliri, lamintn, silk, and/or gelatin, 
in addition or altemaiiveJy, polysaccharides ivnay be used, such as ehitin, 

15 clutosan, cellulose, alginate, hyaluronic acid, and chondroitin sulfate. Many of 
these materials arc commercially available. Fibrin-containing compositions are 
commercially available, for example from Baxter. Collagen-containing 
composittons are eommcrciJilly available, for example, from Cohesion 
Technologies, Inc., of Palo Aho, California, Fibrinogen-eomaming compositions 

20 are described, for example, in U.S. Patent Nos. 6,16SJ88 and 5,290*552. As will 
be readily apparent, absorbable materials may be nsed alone or in any 
combination with each other, Tiie absorbable material may be a mono-filament 
or mullifilamem strandin. 
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Furthemiore, the absorbable materials may be used m combination with 
additional components. For example, liibricious materials (e.g., tiydrophilic) 
iiiaieriais may be used to coat the core tncnibejr 12, One or more bioaciive 
itiaterials may also be incltidcd in the composition of the core member 12, The 

5 term ^'bioactivc" includes any agent thai exhibits efft-cis in vivo, for example a 
thrombotic agent, a therapeutic iigeiit, arid the like. Examples orbioactivc 
materiiils include cytokines; extracenular matrix molecules (e,g,, collageti or 
iibrin); mmlx meialloprotciTiase inhibitors^ trace metals (o.g,, copper); other 
molecules thai may stabilize thrombus fonnation or inhibit clot lysis (e.g., 

10 proteins, including Factor XIII, a2-antipIssmiTi, plasminogen *^cti vator mhibitor- 1 
(PAl-l). and the like); and their functional fragments (ag., the PI or P2 epitopes 
of fibrin). Examples of cytokines that may be used alone or in combination with 
other compounds may include basic fibroblast growth factor (bFGF), 
platelet derived growth factor (PDOF), vascular endothelial grosvth factor 

15 (VBGF), transforming growth factor beta (TGF-p), and the like. Cytokines, 

extracellular iTiatriK molccuics, matrix metalloproteinase inhibitors, and tiirombus 
stabiiixing molecules are commercially available from several vcndoi^> such as 
GeniKyme (Framiiighain, MA>, Gencniech {South San Francisco, CA% Amgcn 
(Tlwusand Oaks, CA), R&D Systems, and Immuncx (Seattle, WA). 

20 Additionally, bioacttve polypeptides that may be synthesized recombinantly as 
the sequence of many of these molecules are also available, for example, from 
the GcnBank database. Thus, it is intended that the core member 12 may include 
use of DNA or RNA encoded bioactive molecules. Furthermore, molecules 
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havmi* similar biological activhy as wild-tj-pe orpurifjcd cytokines, cxtraceHuliir 
mairix molecules, matrix nieialloproteirsase inhibitors, ihrombus-stiibiliiitng 
proteins (e.g., rccombiiiajitly produced or mutants thereof), and nucleic iicid 
encoding these mokciiles niay also be used. 'Die amount tmd conceniraiiost of 
5 ihe bioj)Ctivc materials that may be included in the composition of the core 
member 12 may vary depending upon the specific applicalion, tmd amy be 
readily deiemiined by one skilled in the art. It will be understood that m\y 
combination of materials, concentration, antyor dosage may be used, so Jong as it 
is not hannful to the subject. 
1 0 'Ilie core member 1 2 may also include one or more radiopaque materiiUs 

for visualizing the vaso-occlusiv« nietiibers 12 in situ. For example, the core 
member 12 may be coated or mixed with radiopaque materials such as metsiJs 
Ce,g. lantahim, gold, tungsten or platinum), barium siilfsiic, bismuth oxide, 
bismuth subcarbonate, and the like. Allcmativcly, continuous or discrete 
1 5 nidiopaqtie markers may be afYtxcd to the core member 1 2. 

AUcmativeiy, the core member 12 may be made of non-biodegradable 
materials, such as metals, which may be more elaisiiQ than the biodegradable 
materials de.<^cribcd previous-iy. Suitable metals and ^tlloys for the core member 
12 may include the Platinum Group metals, especially pialinum, rhodium, 
20 palladium, rhejitum, as well as tungsten, gold, silver, tantalum, and alloys of 
these metals. These metals have significant radiopacity and their alloys may be 
tailored to accompHsh an appropriate blend of flexibility and stiffness. They axe 
also largely biologically inert. Additional coating materials, such as a polymer^ 
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and/br biodegradable material, such as discussed previously, may be adtled to the 
surface of the core member 12 to improve the throttibogeiik or other properties 
of the vaso-occlusi v c device. The core member 12 may also be formed from 
stainless steels if some sacrifice of radiopacity may be tolerated. 

5 Other materials that may be used may iiicUjde "super-eiastic alloys/' such 

as nickel/titanium ("Nitinol") alloys, copper/zinc alloys, or nickcl/alumimim 
alloys, Bxempiary alloys that may be used are described in U,S. Patent 
Nos. 3» 174,85 1, 3,33 1,463, and 3,753,700, If Nitmol is used, the diameter of itic 
core member 12 may be sigtiificaiitly smaller than that of a core member 12 made 

1 0 from re I at i ve ly more d ucti 1 e pi atiji ii m or pi at i niim/iu ngsten al loy . 

Th^ eore member 12 may ako foe made of radiolucent fibers or polymers 
(or metallic threads coated with radiolueeoi or radiopaque fibers), such as Dacron 
(polyester), polyglycoUc acid, poly lactic acid, fluoropolymcrs 
{polytetrafluoroethylenc). Nylon (polyamide), attd/or silk. 

IS Tlic fibrous strtieturc 14 generally includes one or more strands of fibers 

having nanometer-sealc diameters ("nanofibers**). The strands of fibers arc 
preferably non-woven. Tlie fibrous structure 14 may be fabricated at Ica-it m part 
by an ckctrospimiing process or technique, such that described in VS. Patent 
No. l,975,3€4. FIG- 2 shows an example of en clectTOspinning apparatus 30, 

20 which includes a s>Tinge 32 containing a polymer solution 34 (not shown), a 

copper collecting plate 36, and a power supply 38. The s>Tinge 32 Is preferably a 
20-mL glass syringe fitted with a needle 40. Tlie needle 40 is preferably an 
eigjiteen gage (1 BGA) needle, but may also be my tubular element capable of 
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carrying oui the funciion(s) described herein, ITie polymer solution 34 k 
preferably prepared by dissolving one gram (Ig) of copolymer poly (D, L-laclidt?* 
eoglyco!ide) (PLGA) (Ftirrtc, Lincolnshire, IL) in twenty iiiinililers (20 niL) of 
organic solve^n mixture convfwscd of tetrabydrofuraii (THF; Fisher. 
5 Pittsburgh, PA) and dinielhylforrnamide (DMF? Sigma, St. Louis, MO) umi 
mixing it well by vortexing the mixture overnight. 

The polymer soKilion 34 may also be prepared using odier polymers, such 
ius polyedtyk^ne oxide (i^IiO), ^tcr> iic, nylon, polyetliylene glycol (PEG), 
polyacrylonitrik (PAN), polyethylene tcrephthalate <PET), poty (p-phenylene 

10 tereplnhalamidc) (PPT A), and the like. Dcgradablc polymers may also hQ used, 
which include poiyglycolic acid, polylaclic actd, poly^aprolactoTie, 
poiy hydroxyh ut>Tate , pol y hydroxy valerate, polyd iox anono, po lycarb on atcs , 
poly anil ydride s, po !y hy droxyal k an oatcs , jaoly ary laies , p o ly sa cchari d es, 
poly ami no acids, and copol>^ncrs thereof Oilier iK>lynicr solutions 34 known in 

1 5 the art may be also be imed, including proteins such as coUagen, clastin, fibrin, 
fibrinogen, fihroncctin, vitronectin, lamtnin, silk, and/or gelatin. Furthemiore, 
any of the bioaclive materials discussed previously with reference to the core 
member 12 may also be included in the polymer solutions 34. Altcrrmlivciy, the 
bioactive materials may also be added to the fibrous structure 14 after the llbrous 

20 stTUCtxire 14 is formed. The bioaclive materials may be attached to the fibrous 
siruetnre 3 4 chemically, or the fibrous structure 14 may be fully or partially filled 
(or soaked) with a solution contahiing the btoaetivc materials. 



-12< 
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During the process of elcclrospimiing, tlie syringe 52 is directed at an 
angle 42, such as a 45-degrec angle, dovvn-tiltcd from the horizontal 44, towards 
the copper collecting plate 36. Tlie tip of the needle 40 is preferably placed 
twenty ccntinieiers (20 cm) from the copper colkcttrtg plate 36. It should be 

5 understood hy those skilled in the art that the syringe 32 may be oriented at 
different angles 42 from the horizontal 44, and positioned at different distance 
from the copper collecting plate 36, depending on the particular applkatian, 
Wlien the power supply 38 supplies a voltage (preferably eighteen kilovolts), the 
copper collectrrig plate (cathode) becomes negatively charged, and the needle 40 

10 (anode) of the s>Tingc 32 becomes positively charged. The combining force of 
gravity and the created eiectro,^ts«ic charge then causes the polymer solution 34 to 
be drawn from the syringe 32, forming a pendant drop at the tip of the needle 40, 
A positive-charged jet is then ejected frotTi the drop and is spkycd to a negative- 
charged target on the copper collecting plate 36, As a result, the fibrous structure 

15 14 ts formed on the copper collecting plate 36, and m then caretully removed for 
subsequent use. It should be noted that the polarity of the charges on the ncedk 
40 and the plate 36 may be switched. Other teclmiqucs known in the art for 
fabricating fibroiis elements may also be used to produce the fibrotts structure 14. 
T\ie fibrous structure 14 produced by the elecirospinning process is 

20 general ly composed of non-woven and randomly oriented fibers having 

diameters or cross- sections in ihe range from ItK) to 5000 nm. Such archtiectiire 
of the fibrous structure 14, which has been found to promote cell growth, is 
similar to those of some natural exlraeellular inatriccs (ECM). ECM, which 

-13- 



surround cells lo provide niechanical support, arc prtmarily coniposcd of fibrous 
proteins of nanometer-scale diamctijrs- Due to hs thrcti'dinjensional feature ai^d 

high surftice arca-to -volume! ratio, the fibrous arniciure 14 provides a higli 
level of surface area to which cells may aiiach, lliereby creating a stable nciwork* 
5 In particular, the network formed by the fibrous strijciure 14 is less likely than 
naturally-fonncd fibrin to be broken down by ciizjTiies present in the blood, and 
may occupy an aneur>'sm until host cells poptdatc and synthesis^e a new nuturnil 
matrix to fill die aneurysttu 

The fibrous slniciure 14 is preferahly coupled to the core n?enibcr 12 by 

10 frictional contact between the fibrous structure 14 and the outer surface of the 
core member 12. Tfie surface of the core member 12 may be tcxUircd to improve 
coupling between the fibrous siruciure 14 and the eore member 12, TJie core 
member 12 may also include one or more transver&e openings along the length of 
the core meiiibcr 12, through which strands of the fibrous siruclure 14 can wrap 

1 5 to secure the fibrous structure 14 to the core member 12. Altcmatively, the core 
menrjber 12 may also iitelude protrusions along the length of the core member 12, 
around which strands of the fibrous structure H can wrap or hook lo secure the 
fibrous structure 14 to the core member 12. Altentaiively, an iHlhcsive, sueh iis 
ultraviolei-curable adhcsives, silicones, cyanoacrylaies, and epoxics, may be used 

20 to secure the fibrous structure 14 to the core member 12. Furthemiorc, the 

fibrous structure 14 may be coupled to the core member 12 by chemical bonding 
between reactive groups on the fibrous structure 14 and the core member 12; 
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fusing both materials so that lliey melt together; or temporarily melting the 
surfsice of the core inember 12 to embed strands of the fibrous structure 14. 

FIG. 1 sliows an embodiment of the devk« 10(1) that includes a fibrous 
structure 14 carried by the core mcrKber 12. Tiie fibrous structure 14 may be 
S secured to the cotQ member 12 by any of the methods discussed previously. As 
shown in FIG. \ , the fibrous structure 14 cov^irs the core member 12 substantially 
along its entire lengtb. However, sueh needs not to be the case^ and the scope of 
this invention should not be so limited. For example, FIG, 3 is a side view of a 
vaso-occlusive device 10(2) that includes a plurality of sets of the fibrous 

K> s true lure 14 spaced intermittenily along the length of the core member 12. llie 
fibrous structure 14 may or may not be disposed completely around the 
eircuniferencc or periphery of the core member 12 at a point along the iengih of 
the core reiembcr 12, and it is a matter of design choice. FiG. 4 shows a vaso- 
occlusive device 10{3) that includes one or more fibrous structure 14 disposed 

IS axialiy along the length, and partially around the circumference, of the core 

member 1 2. .As shosvn in FiG, 5, the fibrous structure 14 may also fomi one or 
more isolated patches with a defined shape and b\7m Uiat may be uniformb'^ or 
randomly disposed on the surface of the core member 12, FIG. 6 shows another 
vaso-occlustve device 10(5). in which the fibrous structure 14 forms one or more 

20 spirals that extend hetically around the core member 1 2. FIG. 7 shows 

yci another vaso-ocelusivc device 10(6), for which the fibrous staicture 14 forms 
a mesh ha^'ing a uniform grid pattern that is disposed around the core member 12, 
FIG. S shows a vaso-occlusive device 10(7), for which one or more fibrous 
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structures 14 having random shapes are disposed ratiiJonily on the core merriher 
1 2. It should be noted that other patienis or configuraiions for the fibrous 
structure 14 maybe provided on the suri^icc or around the core member 12, 

Tim vaso-oc elusive device 10 shown in tbtr abovtj-d<,*scrtbcd cnibodtrn!.nis 
5 generidly has a substam ially rectilinear (stmight) ar a curvil inear (siightly curs ed, 
hc. hav ing less than 360*^ spiral) relaxed configurations- Such vaso-occlusivc 
devices may assume; folded configurations when they ar« subjected to an cxtcnial 
force (e.g., compressive forces wencrated when they arc pushed against an object, 
such as the wait of an a«eur> sm). The vaso-occlusive device may also assufnc a 

10 variety of secondary and tertiary shape.^ or relaxed confignrationis, as will be 
dtscus.^cd in further details below. For a vaso-occlusive device that has a 
secondary or a tertiary shape, the core nieniber 12 is preferably made from a 
niatcnal that is more resilient, so as to provide rigidity to the vaso-occhjsivc 
device. The space-fiUing capactiy of ihes« viiso-occlusivc devices is inherent 

15 within the secondary or tertiary relaxed shapes of these devices. When vaso- 

occliisivc devices having secotidar],' and/or tertiarj' shapes incorporiSte the fibrous 
structure 14 described herein, the devices provide a stable scaffold that can 
occlude an aneurysm, as discussed previously. 

FIGS. 9 and 10 illustrate vaso -occlusive devices 200 having secondary 

20 shapes. These shapes are simply indicative of the various secondary shapes that 
may be used, and other shapes t«ay be used as welL The device 200 illustrated in 
each of the FIGS, 9 and 10 includes the fibrous structure 14 as described 
previously, but is not shown for clarity. 



FIG. 9 depicts a vaso -occlusive device 200C 1 ) having a secondary shape of 
a helical coil. The helical coii may have aii open pitch, such as that shown in 
FIG. % or » closed pitcli. FIG. 10 illustrates a vaso-occlusive device 200(2) 
having a r^idom secondary shape. Each of the secondary shapes shown in 
5 FIGS, 9 and 10 may be achieved by wrapping a core member 12 having a 

priniury shape that is subslaniially linear, such as that shown in FIG. 1, around a 
mandrel, stylet, or other shaping element. The device 200 may optionally be heat 
treated, as known to one skilled in the an, to set the device into a secondary 
shape. It should be noted that the formation of vaso-occlusive devices into 
10 seeortdary shapes is well known in the art, and need not be described in further 
detail. 

FIGS. 11-17 illustrate various vaso-ocalustve devices 300 of this Invention 
having a secondary shape of a helical cotl, such as thai shown in FIG. 9, and a 
tertiary shape. These shapes are simply indicative of the various tertiary shapes 

15 that may be used, m%6 other shapes ntay be used as well. While not shown, the 
devices 300 illustrated in each of the FIGS. 11-17 include the fibrous structure 
14, as discussed previously. 

FIG. 1 1 depicts a device 300(1) having a teriiarj' shape of a clover leaf. 
FIG, 12 depicts a device 300(2) having a tertiary shape of a (twisted figure-8. 

20 FIG- 13 depicts a device 300(3) having a Oower-shaped tertiar>' shape. FIG. 14 
depicts a device 300(4) having a substantially spherical iertiar>' shape. FIG. 15 
illustrates a device 300(5) having a random tertiary shape. FIG. 1 6 illustrates a 
device 300(6) having a tertiary shape of a vortex. FIG. 17 illustrates a device 



300(7) having a tertiary shape of an avoid. It slKniki be noted thai viist>-occlusi v« 
device 10 may also have other secandiir>^ and tertiary shapes, and that it should 
not be limited to iJie examples iMustraled previously. For exanipic, the core 
member 12, atul accordingly, the vaso-occlusi^'e deviee, may be selectively si^ed 
5 to fill a particular aneurysm. 

To make a iertiar>' shaped vaso'OCcUisive device 300, a core member 12 
having a primary shape that is substaniiaUy reeti linear or curvilinear may be 
wrapped around a nuuidrel or other shaping element to form a secondary shape, 
suc]j as the helical coil shown in FIG. 9- Tlic core member 12 may be heal 

10 treated to shape the core member 12 into the secondary shape, as discusised 
previously. Tiie scco^dai^^ shaped vaso-ocelusivc nieinbcrj such as the helical 
coil devices shown in FIG. % may then be wrapped around another shaping 
element to produce the tertiary shape, ll^c core meniber 12 may be heat treated 
to form the tertiary shape. Stable coil designs,, and methods of itiaktng them, are 

1 5 described in U.S. Patent No, 6,322,5?6B i to Wallace et al.. It should be noted 
thai forming vaso-occlusivc devices into tertiary shapes is well kmwn in the art, 
and need not be described in further detail. 

Ahhoagh the previously described crnbodjinents show that die core 
member 12 iias an elongate shape, the scope of the invention should not be so 

20 limited. Tiie core member 12 nmy also have other shapes, such as sphericaK 
elliptical, or other design shapes. Tne core member 1 2 may also be an 
expandable member, such as a wire basket or an inflatable balloon, that is 
adapted to be placed wjihit^ a body cavity. 
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The mcthoil of using the previously described vaso-occlusive ^ieviccs will 
now be discussed with reference to FIGS. 1 First, a delivery catheter 402 is 
inserted into the body of a paiient. Typically, this would be through a tenioral 
arteo' the groin. Oiher entry sites sometimes chosen arc found in die neck, for 

S exaniplc, and are in general well k«own by physicians who practice these i>^cs 
of medical procedures. The deliver)^ catheter 402, which may be a microcatheter 
or a sheath, may be positioned so that the distal tip 40S of the deliver>' catheter 
402 is appropriately situated, e.g., withm the mouth of the body cavity 401 to be 
trcatcd« The insertion of the delivcrj,' caiheter 402 may be facilitated by the use 

10 of a guidewire and/or a guiding catheter, as is known in the art. In addition, the 
movement of the catheter 402 may be monitored, for example, using fluoroscopy, 
ultrasound, aitd the like. 

Once the delivcrj' cadieler 402 is in place, the vaso-occlusive device 10 is 
then inserted from the proximal end (not shown) of the delivery device 402, and 

15 into die himcn of the delivery device 402, Oiis step is not necessary if the vaso- 
ocehisive device JO is already pre-loaded into the delivery catheter 402. For a 
vaso-occlustve device 10* such as those shown in FiGS. 1 and 3-S, that has no 
secondary' or tertiary relaxed shape, the vaso-occlusive device 10 would naturally 
assume a substantially rectilinear or a curvilinear confignralion when disposed 

20 within the lumen of the del ivery device 402, without being subjected to a 
substantial stress. 

For vaso-occlusivc devices having secondary shape and/or iertiar>' shapes, 
such as the vaso-occlusive devices shown in FIGS. 9-17, they may be "stretched" 



to a SLibstanimily linear shape while residing within the lumen of the dcliven,' 
catheter 402, as iHuslratcd with the v«so-ocelusive device SO in FIG. 1!X The 
advyntage of having the vaso-occhjsive devices assume a hitear shape wittitn the 
deliver>' device 402 is that the eross-secnofml dimension of the delivery cathcier 
5 402 may be minimized, which may taciiitme advancitig the catheter 403 through 
tortuous csr narrow arteries of a patient. 

Altcnsativdy* as shown in FIG. 20, a vaso-occlusive device having a 
secondar>^ shape of a helical coil^ such as the vaso-occhjsivc ckvicc 2(10 of 
FIG. % may be disposed within the lumen of a delivery catheter 402 in its 

10 unstrclehed conllguralion, as discussed previously with reference to FIG. 20. 
Furthermore, as shown in FIG. 21, a vaso-oeelusivc device having a tertiary 
shape made of a helical coil, such as any of the vaso-occlustvc devices 300 
shown in FIGS. 1 1-17, may be "sirctclied** to its aecoadary shape, in the l^omi of 
a substantially linear hchcal coil, vvhcn disposed within the lumen of a delivery 

15 catheter 402. 

Referring back to FIG, 18, the vaso-occUisive device 10 is preferably 
advanced distally towards the distal end 408 of the delivery catheter 402 using a 
core wire or pusher member 404. A plunger 406 may be attached to the distal 
end of the wire 404 to advance the vaso-oeclusive device 10. Aliemativcly, fluid 

20 prcsswre may also be used to advance the vaso-occlusive device 1 0 along the 
delivery catheter 402, The inner diameter of the delivery eathetcr 402 should be 
made largo enough to advance the vaso-occlustve device ID. On the other hand, 
the inner diameter of the del iverjf catheter 402 should not be signiHcantly larger 
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lhan the overall crosS'Seclional dimension of the vaso-occlusive device 10 in 
order io avoid benaing and/or kinking the vaso-occlusjve device 10 within the 
lumen of the delivery catheter 402* 

For a vaso-occkjsive device having no secondary' or tertiary relaxed shape, 

5 the vaso-occlusjvc device may remain substantially rectilinear or eunuHnear 
without undergoing snbsiamial str^pss while residing wiihid the lumen of the 
deliver>' catheter 402. Once the vaso-occlu5ive device 10 or a portion of the 
vaso-occlusi ve device 10 exits from the distal end 408 of the deli ver^' catheter 
402, it may remain sub siaiiti ally rectilinear or curviljiiear until it contacts an 

1 0 object, e.g., the wall of the body cavity 40 1 . If the vaso-occhisive device 1 0 is 
advanced further into the body cavity^ the vaso-oeciusive device 10 may buckle 
due to the continued advancing force. As a result, the %fasO'OCcliisive device 10 
may fold to assume a three-dimensiDiial structure within the aneur>'sra. For vaso- 
occlusive devices having secondary or tertiary shapes, the vi^so^occlusive device 

IS may be biased to resume its rela>:ed configuration when ejected from tlie lumen 
of the delivery catheter 402. The shape of the secondar>' or tertiary relaxed 
configuration may help fill up the body cavity 401 . 

Additional vaso-occlusivc devices 10 may also be placed within th« body 
cavity 401 by repeating the relevant steps discussed above. When a desired 

20 number of vaso-occlusivc devices has been placed within the body cavity 401^ 
the delivery catheter 402 may be withdrawn from the body cavity 401 and the 
patient's body. Once the vaso-occlusivc devices are deployed in the body cavity 
40U an embolism is formed therein to occlude the body cavity 40L 



MO. 22 depicts an embodiment, generally designated 600, having a vaso- 
occlusive device 602 thai may be deployed Tmm a catiieter, sueli as tlie delivery 
cmhctcr 402 discussed previously, through op«ralloti of a connective joint 604. 
The vaso"OC€lus(vc device 602 may be any of the devices depicted in FIGS. 1 
5 and 3-17, i.e., including line nhrou<; structure 14 (not shown for clarity). Joint 
604 has a clasp section 606 that may remain attached to the core wire 404 when 
the sheath or catheter body 402 is retracted proxitiiaily. Joint 604 also may 
inelude a second clasp section 60S, carried on the proxim5\] end of the vaso- 
occlusive device 602 and interlocking with clasp section 606 when the jisscmbly 
10 is within the sheath 402. When the sheath 402 is withdrawn from about the 

assembly, the clasp sections may disengage, thereby detaching tJic vaso-occlusive 
device 602. 

The vaso-occhisive devices described herein may also be detachable by an 
electrolytic joint or connection such as described in VS. Patent Nos. 5,234,437, 

15 5,250,071, 5,2dl,9l6. 5,304,195, 5,312,415, and 5,350397. 

FIG. 23 shows an embodiment, generally designated 660, having a vaso- 
occiusivc device 662 that rtiay be detached using a connective joint 664 that is 
siisceplibk to electrolysis. The vaso-occlusive device 662 may be any one of the 
devices depicted in FIGS, i and 3-17, and may include the fibrous structure 14 

20 (not shown for clarity). Such Joints are described in detail in VS. Patent 
No. 5,423,829, 6,165,178, and 5,**84,»29. Joint 664 may be made of a metal 
which, upon application of a suitable voltage to a core wire 404, may erode in the 
bloodstream, thereby releasing the vaso-occlusive device 662, llic vaso* 



occliisive device 662 may be made of a metal thai is more "noble" in the 
electromotive series than tlie joint 664. A return electrode (not shown) may be 
supplied to complete the circuit- The region ofcorc wire 404 proximal to the 
joint Is msulaied to focus the erosion ai the joint A busliing 666 may be used to 

5 connect the distal end of core wire 404 to the proxinml end of the vaso -occlusive 
device 662, To deploy the vaso-occlusive device 662, the vaso-occlusive device 
662 attached to the core wire 404 is first placed within a body cavity. An electric 
current is then applied to the core wire 404 to dissolve the conneeiivc joint 664, 
thereby detaching the vaso-occlusive device 662 from the core wire 404. h 

1 0 should be noted that methods of dchvering vaso-occhisivc devices by clocirolyiic 
disintcgr^ixion of a core wire joint are well known in the artj and need not be 
described in further detail. 

Allhough several preferred embodiments have been shown and described, 
it would be apparent to those skilled in the art that many ch tinges and 

15 modifications may bti made ihcreunio without the depaning from the scope of the 
invention, which m defined by the following claims. 



CLAIMS 

What is claimed: 

1 . A vaso'occ In s i vc dcv ic c, comp ri si ng : 
a core nieniber; and 

5 a fibrous structure carried by the core member, the fibrous strucltirie 

comprises one or more strands of nano fibers. 

2, The vaso-occlusive device of claiin 1 , wherein the fibrous structure is a 
product generated at least in part by m electrospinning process coiiiprising: 

supplying a polymer solution through a needle; 
1 0 electrostatically charging the needle; 

electrostatically charging a metal plate that is placed at a distance from the 
needle, the metal plate having a charge that is opposite that of die needle, thereby 
sending a jcl of the polymer solution towards the metal plate; and 
collecting the fibrous structure fronn the metal plate, 

1 5 3. Tlie vaso-occlusive device of claim 2, wherein the pol>TOcr solution 
comprises a nn^lerial selected fmm a group consisting of polyethylene oxidc» 
acr>'lic, nylon, polyethylene glycol, polyacrylonitrilc, polyethylene tcrephtltalate, 
I'FTA, polyglycolic aeid, polylactk acid, protein, polysaccharide, PLGA, 
p olycaprokic tone , po I y I lydroxybuty rate, poiy hydroxy val e r a tc, po I yd i ox anone, 

20 polycarbonates, polyanhydridcs, polyhydroxyalkanoates, polyar>'lates, and 
poly amino acids, 



4. The vaso-occlusive device of claim 2, wherein the polynier soliilton is 
prepared by a pTocess comprising: 

dissolving Ig of PLGA in 20 niL of organic solvent mixture, thcmixiure 
comprises tciraliydrofurun and dimethylfomiamidc; and 
5 vortcxing the mixture av«miglit. 

5. The vasa-occlusive device of claim ! , wherein tlic fibrous slnjcture is 
made froni a m ate rial s dec led from a group consisting of poly eihykne oxide, 
acrylic, nylon, polyethylene glycol, poiyacr3.4oiiitnle, polyethylene tcrephlhalate, 
PPTA, polyglycolic acid^ polylactic acid, protein, polysaccharide, FLGA, 

1 0 polycaprolacton«, polyhydToxybutjraie, polyliydroxyvalerale, polydioxatione, 
polycarbonates, polyanhydrldes, polyhydroxyalkanoatcs, polyarj'latcs, polyamsno 
acids, and co -polymers thereof 

6. The vaso-occLiisive device of claim 1, wherein the fibrous structure 
comprises a bioactivc agent. 

15 7. The V aso-occlusivc device of claim 6, wherein the bioactive agent is 

selected from the group consisting of cytokines, extracellular matrix molecules, 
matrix met£tliopratei)iasie inhibitors;, iraee metals, molecules that stabilise 
thrombus fortimtioti or inhibit clot lysis, PI epitope of fibrin, P2 epitope of ftbrin, 
nucleic acids, and functional fragments thereof. 

20 8, TTfie vaso-occlusive device of claim 1, wherein the nanofibers have 

diameters or cross^sectional dimensions between about 100 nm and 5000 nm. 



-25- 



9, The vaso*occlusive device of claim i , wherein the fibrous stnicliirc has m 
architeciiirc (hat is similar to limt of a natural extnic^jUuiar matrix. 

1 0. Thti vaso-occlu^ivq device of eiaini wherein ihe fibrous sirucUirc is 
disposed conipletely around a periphery of lh&€ore menibcr. 

5 1 L The viiso-occlusivc! device of claim 1, wherein the fibrous stniciure is 
disposed al least partially around a circumference of Iha core member* 

12. Urn viiso-occlusive device of cJahn 1 , wherein the one or more strands ol' 
nanofibers fomi a iitesh defining a grid paiicm around the core member. 

1 3. The vasD-occlusi ve device of claim 1 , wherein the core nicmbirr comprises 
W an c.«ipandablc member. 

14. The vaso*ocelusivc device of chiini 13, wherein tbe expandable member is 
a balloon, 

J 5. 'tlic vasO'OCclustve deviee of <:laim I, wherein the fibrous structure is 

coupled to the core member by surface frjciion. 

1 5 16. The vaso*occIusi ve device of chdni 1 , wherein a surface of the core 
riicmber is textured. 

17, Tiic vaso-occlusivc deviee of claini 1, wherein the core member includes 
one or more protrusions around which one or more strands of the nanofibers can 
wrap or hook lo secure the fibrous structure to the core n^eniber. 
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I S. The vaso-occLusive device of claim 1 , wherein Ibe fibrous stniclure is 
secured to tJic core member by an adhesive iiekctad from the group consisting of 
uUraviolct-cimible adhesive, silicone, cyan oacr>'1 ale, and epoxy. 

1 9. Hie vijso-occhisivc device of claim I , whereui tlic fibrous struciure is 

5 secured to the core member by a eheniical bonding bem^cen reactive groups on 
the fibrous structure and the core member. 

20. The vaso-occlusivc device of claim 1 , wherein o«e or more of the 
nano fibers arc at least partially etnbeddcd below a surface of the core member. 

2 1 . The vaso-ocelusive device of claim 1 , wherein the fibrous structure and 
IQ the core «iember arc fused together, 

22. The vaso-oedusive device of claim 1 , wherein the core iiiember comprises 
a bio active agent. 

23. Tlie vaso'occlusive device of chum 22, wherein the bioactive agent is 
selected from the group consisting of cytokines, exlracellular mairix molecules, 

15 matrix meialloproteinase inhibitors, trace metals, molecules that stabilia:e 

thrombus formation or inhibit clot lysis, PI epitope of fibrin, P2 epitope of fibrin, 
nucleic acids, and functional fragments thereof, 
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